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I. Background
A. The North Pacific Squid Driftnet Jroblem

In recent years, concern has increased in the United States and other
countries over the effects of the North Pacific squid drift gill-net
("driftnet") fishery on populations of fishes, marine mammals, seabirds,
sea turtles, and other nontarget marine regources., The squid driftnet
fishery is conducted on the high seas in the North Pacific Transition Zone
(NPTZ) and Subarctic Frontal Zone (SAFZ) by a fleet of approximately 700
vessels from Japan, Taiwan, and the Republic of Korea. Each year, the
fishery yields about 250,000 metric tons (t) of the target species, neon
flying squid, Ommastrephes bartramii, with |a landed value exceeding US$250
million. While catching squid, however, the driftnets incidentally
entangle other marine life valuable to the United States, Canada, the
Soviet Union, and the squid harvesting nations themselves.

The nature, extent, and effects of this incidental entanglement are
unknown. For example, of the animals caught incidentally, it is not known
how many escape, drop out, or are shaken from the nets, and what proportion
of these survive the encounter. Of the animals hauled aboard in the nets,
little is known, even by fishery experts of the squid harvesting nationms,
about the kinds and number of fish, marine mammals, seabirds, sea turtles,
and other animals kept as "by-catch," and the number and condition of those
returned to the sea.

The concerns about incidental impacts apply to a variety of species.
They include by-catch and drop-out mortality of salmon, Oncorhynchus spp.,
and steelhead, Oncorhynchus mykiss, of United States or Canadian origin;
by-catch of Soviet salmon; mortality or net damage inflicted on albacore,
Thunnus alalunga, escaping from the nets; mortality of the Dall’'s porpoise,
Phocoenoides dalli, and the northern fur seal, Callorhinus ursinus;
mortality of seabirds--including various species of shearwaters, Puffinus,
albatrosses, Diomedia, and petrels, Oceanodroma--and mortality of sea
turtles--including the green turtle, Chelonia mydas, the hawksbill turtle,
Eretmochelys imbricata, the loggerhead turtle, Caretta caretta, the
leatherback turtle, Dermochelys coriacea, and the olive ridley turtle,

Lepidochelys olivacea.

To understand these problems better and identify the steps required
for their resolution, the National Marine Fisheries Service (NMFS) Squid
Advisory Committee (SQUADCOM) convened the Workshop on the Biology,
Oceanography and Fisheries of the North Pacific Transition Zone and
Subarctic Frontal Zone. The workshop was sponsored under the auspices of
the NOAA-University of Hawaii Joint Institute of Marine and Atmospheric
Research and was held at the NMFS Honolulu Laboratory during 9-13 May 1988.

The purpose of the workshop was to review biological and oceanographic
information pertinent to the squid driftnet issues and to develop ideas for
a strategic plan that would guide the SQUADCOM and NMFS in developing a
program of squid driftnet entanglement research. Initial workshop plans
called for the participation of scientists from Japan, Korea, Taiwan,




Canada,

collaboration. Unfortunately, scientists
nations were unable to attend. Participan
NMFS Northwest and Alaska Fisheries Center
Center (SWFC), and National Marine Mammal
Department of Fisheries and Oceans; Oregon
of Alaska; the University of Hawaii; the U

National Weather Service (NWS) (Appendix A).

The workshop was divided into two par

(1) Technical Reviews: During the fi
reports or technical reviews were presente
the squid driftnet fishery, recent squid d
the United States, squid driftnet data bas
oceanography of the NPTZ and SAFZ, general
of neon flying squid, and biology of key n
squid drift-netting.
seabirds,

These nontarget reso
salmon, and albacore.

(2) Strategic Planning: During the 1
structured planning exercise, facilitated
conducted to identify elements of a resear
projects and activities, required to meet

This report presents the results of t
squid driftnet program is described. Seco
law pertaining to North Pacific driftnet p
technical presentations made at the worksh
the technical papers will be compiled and
Report). Next, the strategic planning ses
the provisional results achieved by the gr
strategic plan, developed by SQUADCOM memb
results, is described, and priorities are

. SQUADCOM research operating plan.

B. The NMFS Squid Driftnet Entanglem

implement a balanced program of fishery mo
and international diplomacy. The current
importance of all three elements. However
planning, funding, staffing, and coordinat
particularly the case with monitoring and

To deal effectively with the squid dr?ftnet issues,

since 1986,
State have engaged Korean, Taiwanese, and

On the diplomatic side,

authorities in regular bilateral discussio
talks have been fourfold:

and the United States so that discussions might benefit from a
broad base of expertise and an exploration |[of ideas for international

_ o

rom the Asian drift-netting

s included researchers from the
(NWAFC), Southwest Fisheries
aboratory (NMML); the Canadian
State University; the University
iversity of Washington; and the

S:

st 2 days of the workshop,
on the history and status of
iftnet research by Canada and
development, physical
biology of these zones, biology
ntarget resources impacted by
rces include marine mammals,

st 3 days of the workshop, a

a professional planner, was
h strategy, including specific
he SQUADCOM's objectives.

e workshop. First, the NMFS

d, provisions of a recent U.S.
oblems is outlined. Third, the
p are summarized (full texts of
ublished as a NOAA Technical
ion is described in detail and
up are presented. Finally, a
rs and based on the workshop
uggested for developnent of a

nt Program

NMFS must
itoring, sc1ent1f1c research,
FS "program" recognizes the
it has provided insufficient
on to support them. This is
esearch.

FS and the U.S. Department of
apanese Government fishery
S.

The objectives of these




(1) to elicit information about the conduct of the driftnet fisheries,

convey U.S. concerns about incidental mort
fishery data;

(2) to mnegotiate conditions for the p
scientific observers on commercial driftne

(3) to arrange for participation of U,
surveys aboard Japanese, Korean, and Taiwa

(4) to seek the cooperation of drift
time-area restrictions that would minimize
U.S. salmon and steelhead trout.

The diplomatic efforts have been part
the squid harvesting nations have been coo
pation in their research vessel surveys, a
tion about commercial squid driftnet fishi
participated in two squid driftnet researc
Taiwan), and four cruises in 1987 (one eac
Japan), and have plans to collaborate in a
upcoming 1988 squid fishing season (Taiwan

In addition to collaborative research
nations, the United States participated in
research vessel in 1986 and 1987 to determ
of flying squid and salmonids. So far, NM
which used a U.S. vessel in 1987 and was a
driftnet problems. Another NMFS research

The research vessel surveys typically
and horizontal profiles of temperature and
grounds, sampling of the relative abundanc

rates) with gill nets, visual estimation of

marine debris densities along transects, ob
marine mammals and seabirds around gill net
collection of biological samples. Ancillar
of nutrient profiles and primary productivi
neuston, or near-surface micronekton; jiggi
surface longlining for larger fish species.

In contrast to the relative success of
the direct assessment of incidental catch 1
have been hampered by the lack of agreement
aboard commercial vessels. To date, only t
sea on commercial squid drift-netters, two
1986 and one on a Korean vessel in 1988. O
drift-netting is considered the best way of
rates. If agreements cannot be reached to
coverage for statistically reliable estimat
means of monitoring must be developed.

lities, and secure relevant

acement of U.S. and host-country
vessels;

S. scientists on squid driftnet
ese fishery research vessels; and

ill-net vessels in obeying certain
the incidental entanglement of

ally successful. 1In particular,

erative in allowing U.S. partici-

d have provided some informa-

g activities. U.S. scientists
surveys during 1986 (Korea and
by Korea and Taiwan and two by
least two surveys in the

and Korea).

with the Asian drift-netting

surveys by a Canadian Government
ne the overlap in distributions
S has fielded only one survey,
med specifically at squid

ruise is planned for 1989.

involve measurement of vertical
salinity in the squid fishing
of squid and fish (i.e., catch
marine mammal, seabird, and
servation of the behavior of

s during gear retrievals, and
y tasks may include measurement
ty; sampling of plankton,

ng and tagging of squid; and

the cooperative research program,
evels and other critical matters
s on the placement of observers
hree U.S. observers have gone to
on Japanese vessels in 1982 and
bserver coverage of commercial

estimating incidental mortality
provide sufficient observer
es of entanglement rates, other




Day-to-day implementation of the U.S.
cooperative research, data base development
to negotiators has been carried out by the
scientists from NWAFC, SWFC, and NMML. Th
NWAFC Auke Bay Laboratory. Funding of somz
salaries and travel expenses for U.S. parti
vessels, has been provided by the NMFS Mari
Research Program (MERP), administered by NW
SQUADCOM has no full-time staff, and most ¢

C. The New Driftnet Law

In December 1987, a legal mandate for
entanglement problems was established by th
Monitoring, Assessment, and Control Act of
100-220). The "driftnet law" applies to hi
results in the taking of "marine resources
meaning any form of marine life found in w
jurisdiction.
(Secretary) to do the following:

(1) negotiate with the driftnet natio
program for monitoring driftnet fishing op
numbers of MRUS incidentally killed and re
during fishing or hauling of the gear (dro
of a sufficient number of vessels from whi
made;

(2) conduct an assessment of the "nat
driftnet fishery on MRUS, based on the bes

(3) request that governments whose dr
various information essential to that asse

(4) report to Congress on the outcome
of the driftnet fishery assessment, and the
the information provided by the foreign gov

So far, there has been little administ
driftnet law will be implemented. Nor hav
implementation, as the law provides. Mean
initiative in assembling available informa
impact assessments. The current ad hoc ar
however. Greater attention must be given
to program planning, organization, managem
first step, strategic and operational plan
progress toward U.S. objectives should be d

program for observer placement,

, analysis, and scientific advice

ad hoc SQUADCOM, made up of
SQUADCOM is coordinated by the
SQUADCOM activities, such as

cipants on foreign research

ne Debris and Entanglement

AFC in Seattle. However,

ommittee work is unfunded.

the

NMFS action on squid driftnet

e signing of the Driftnet Impact
1987 (Title IV of Public Law

gh seas driftnet fishing that

of the United States" (MRUS),
ters subject to U.S.

Briefly, the law requires the Secretary of Commerce

s to develop a cooperative
rations and assessing the
rieved, discarded, or lost
-outs), including the provision
h scientific observations can be

re, extent, and effects" of the
available information;

ftnet vessels take MRUS provide
sment; and

of the negotiations, the results
adequacy and reliability of
ernments.

rative guidance as to how the
funds been appropriated for
hile, the SQUADCOM has taken the
ion and preparing for provisional
angement is clearly inadequate,
y top-level NMFS administrators
nt, staffing and funding. As a
that will ensure steady
eveloped.
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D. Technical Reviews

The following summaries provide a bac
topics important to understanding squid dr
They are based on the presentations by wor
B) and ensuing discussions. In some insta
been added for clarification.

ground on several technical
ftnet entanglement problems.
shop participants (see Appendix
ces, additional material has

D-1. Physical Oceanography of the NPTZ and Associated Frontal Zones

To understand the behavior and dynami
fishery and its impacts on MRUS, it is ess
oceanography of the regions where the fish
SAFZ. The physical oceanographic processe
population dynamics of MRUS species, biolo
and distribution dynamics, stock wvulnerabi
rates.

s of the flying squid gill-net
ntial to consider the physical
ry operates, the NPTZ and the
have important effects on the
ical production, MRUS migration
ity, and driftnet entanglement

The NPTZ is defined as a region of th
cold and low-salinity Subarctic Domain and
Subtropical Domain. It is an oceanwide fe
atmospheric gyre macroscale circulations,
the coastal waters of Japan and North Amer
average latitudinal extent is about 1,000

North Pacific separating the
the warmer, more saline

ture associated with oceanic and
panning nearly 9,000 km between
ca. At midocean, its long-term

The NPTZ is fringed on the north and
the SAFZ and the Subtropical Frontal Zone
one or more meandering fronts and frontal
the SAFZ extends from sbout lat, 40° to 43
31° to 34°N. The positions of the NPTZ an
not vary by more than 150-200 km from thei
However, within the frontal zones, individ
meandering, and highly dynamic in time and
purposes, their locations can be represent
positions. The southern boundary of the §
Front, with a mean position at midocean ne
edge of the STFZ is the Subtropical Front,
about lat. 32°N. The Subarctic Front is d
of the subarctic halocline and the overlyi
and by large changes in the hydrostatic st
identified by the outcropping of the 33.8°
A seasonal stability gap develops there in
is best described by the disappearance of
surface emergence of the 35.2°/.. haloclin

outh by frontal zones, namely

STFZ), respectively, in which

ddies may occur. At midocean,

N, and the STFZ from about lat.
its associated frontal zones do
climatological mean positions.

al fronts are convoluted,

space. For descriptive

d by their climatological mean

FZ is marked by the Subarctic

r lat., 42°N. At the northern

at a mean midocean position of

stinguished by the disappearance

g shallow temperature minimum,

bility structure. It is

oo halocline at the sea surface.

winter. The Subtropical Front

he subtropical halocline and the

rom that used in much of the

r example, some fishery
"Transitional Domain" to refer
st north of the "Subarctic
ropping at the sea surface of

ry is equivalent to the Subarctic

The nomenclature adopted here varies
oceanographic and fisheries literature. F
scientists and oceanographers use the term
to a region in southern subarctic waters j
Boundary," a feature identified by the out
the 34°/.. isohaline. The Subarctic Bound




Front. The northern boundary of the Trans
literature by the emergence of the 33°/..
may be regarded as the northern limit of t
Domain is equivalent to the Subarctic Fron
term derives from a broader view of North
(and not just subarctic oceanography), it
"Transition Region," has been used to refe
NPTZ, SAFZ,and STFZ.

Frontal structure and dynamics of the
factors in the aggregation of flying squid
therefore, are key determinants of driftne
MRUS entanglement. A significant fraction
incidental mortality occurs in or near the

On synoptic time scales, mesoscale pe
line structure are the dominant features o
Seamounts, the mesoscale perturbations are
bands of eastward and westward flows 150-3
coherent in the upper 1,500 m. These pert
quasi-regularly spaced thermohaline fronts
tions in this region are on the order of 0
Seamounts, the mesoscale perturbations are
not penetrate as deeply.

Seamounts in the NPTZ distort the imp
For instance, where they pass over the Nin
Extension and the Subarctic Current are de
omega-shaped loop over the underlying topo
action of these currents with the Emperor
eddies of large amplitude but limited hori
variability of fronts also depends upon fl
locations. Over the Nintoku Seamount, for
front is formed and appears to be topograp
more than 50 km from its mean position at
-contrast, about 400 km to the east, over a
position of this front varied by more than

The dynamics of western North Pacific
the confluence of the Kuroshio and Oyashio
strongly defined eddies, topographical for
regularity in meriodonal geostrophic flow.
are characterized by low eddy intensity, 1
diffuse frontal structure (especially for
eastward flow.

The combined effects of large- and sm
Pacific Ocean result in complicated circul
From dynamic height measurements, geostrop
(Ekman) transport can often occur at right
however. As Ekman transport velocities of
in many parts of the North Pacific Ocean,

tional Domain is defined in the

sohaline at the surface, and this

e SAFZ. Hence, the Transitional

al Zone. Because the latter

acific structure and dynamics

ay be preferable. Another term,
to the combined area of the

SAFZ are considered primary

and several important MRUS and,
effort distribution and rates of
of the squid catch and of MRUS
SAFZ,

turbations of flow and thermoha-
the NPTZ. West of the Emperor
characterized by alternating
0 km wide and vertically
rbations are accompanied by
Sea surface height perturba-
4 m. East of the Emperor
smaller by factors of 3-6 and do

nging flow and generate eddies.
oku Seamount, both the Kuroshio
lected northward, forming an
raphy. In addition, the inter-
eamounts generates intense
ontal extent. The interannual
w dynamics at particular
example, a strong thermohaline
ically trapped, varying by not
at. 43°N during 1981-86. In
flat seafloor, the latitudinal
150 km over the same time period.

waters are dictated largely by
and are characterized by

ing due to seamounts, and quasi-
Eastern North Pacific waters
ttle topographical forcing,
emperature), and generally weak

l1-scale features of the North
tion within the Transition Zone.
ic flow is zonal. Wind-driven
angles to geostrophic flow,

en equal geostrophic velocities
oth measures are needed to




understand water transport adequately. More importantly, wvariations in
wind stress, bottom topography, and boundary currents all add variability
to the velocity and direction of flow patterns. ., As a result, the mesoscale
eddy field and frontal meanders dominate bath flow and the physical
environment important to the ecology of marine species in this region.

D-2. The Flying Squid Fishery

Japan.--The drift gill-net fishery fo
1978 by the Japanese. The development of
reductions in other distant-water fishing
tion of 200-mile fishery conservation zone
salmon catcher-boats displaced from the Ja
were first to enter this fishery, news of
causing a rapid influx of vessels from tun

neon flying squid was begun in
his fishery coincided with
rounds because of the implementa-
in the late 1970's. Although
anese mothership salmon fishery
heir success spread quickly,

and other fisheries.

he traditional harvester of
umber of drift gill-net vessels
catch rates by drift-netters,
iinisterial ordinance, of an
various regulatory measures to
These regulations established a
through December, and a
o permits for vessels between 50
lowing 7 months of operations
lowing 4 months of operations

Financial losses by jigging vessels (
oceanic squids), in part due to the large
(approximately 1,000 at one point) and hig
resulted in 1981 in the establishment, by
"approval" or limited entry type system an
prevent the incidental catch of salmonids.
7-month fishing season, extending from Jun
northern boundary that changed monthly.
and 500 gross tons (GRT) were issued one a
from 1 June to 31 December and the other a
from 1 August to 30 November.

In 1986, a total of 35,549 gill-net o
Japanese North Pacific squid driftnet fish
However, the number of licensed vessels ha
since 1983 to 492 licensed vessels. This
by yearly increases in the percentage of 1
fishery. Larger vessels not only deploy m
longer trips that result in a greater numb
vessel month. Information on the total am

erations were conducted in the
ry, a 9% increase over 1983.
declined by approximately 5%

pparent paradox can be explained
rge vessels participating in the
re gear nightly but also have

r of fishing operations per

unt of gear used is unavailable.

Five different types of vessels are f
fishery. The length of fishing season var
vessels are committed to fish in other squ
salmon or groundfish. Fishing effort is u
2° of latitude of the regulatory area. Du
vessels--typically the mothership or land-
further south in warmer waters. Most gill
June and October, with peak effort occurri
which all vessel types participate in the

und in the squid driftnet

es by vessel type as most

d fisheries or in fisheries for
ually concentrated in the upper
ing fall, however, a number of
ased salmon vessels--fish

net operations occur between

g in August, the first month in
ishery.

Generally, 450-1,100 single panels or
vessel. Dimensions of nets are nonstandard, with a tan reported to be
approximately 72-90 m in length and observed to be 40-105 m in length. The
nets are all of similar design--a corkline at the surface, monofilament

tans of net are set daily by each




mesh, and a lead line at the bottom--with
115 to 120 mm.
laced together to construct "sections" of

Two 3-nmi sections are sometimes tied toge
Most of the larger vessels depl

sections.

Korea.--The Republic of Korea high-se
Although

harvesting flying squid in 1979.
located in the western North Pacific, the
reaching long. 160°W by 1983. The number

14 in 1980 to 99 by 1983 and approximately
recently developed domestic regulations pr
salmonids and marine mammals by squid drif

and area restrictions for this fishery.

Each year, the Korean fishery begins
lat. 35°N and long. 165°E.

the large build up of flying squid.

mesh size gill nets.

Most Korean gill-net vessels are conv
the economic difficulties faced by tuna lo
converted vessels are superannuated with 9
Vessels range from 170 to 500 GRT with an

GRT. Mesh sizes of nets range from 86 to

are 96 to 115 mm; mesh sizes are changed t
because of seasonal changes in the size of

(tans) of nets are 50 m long and 8 m deep

the average number of tans deployed nightl

from 200 in 1980 to 540 in 1983 and 1,000

expected because current Korean vessels ar

1,000 tans are used,

Taiwan.--The Taiwanese squid gill-net

1980, growing to over 100 vessels by 1983

initially located in the western North Pac
Fishin
through October, with peak effort in Augus

ward reaching long. 160°W by 1983.

Because .of concerns of the United Sta

of salmonids, in 1985 the Taiwanese adopte
In waters west of long. 17
Regulations similar to Japa

drift-netters.
of lat. 39°N.
adopted for waters east of long. 170°E.

a jigging-gill-netting combination vessel
and 47 m in length.
as such, are superannuated.
be 50 m long, 6.5 m deep, made of monofil

Depth of net ranges from 9

The vessels qu
long. 165°W by July, concentrating fishing
early fall, the vessels move westward, fis
the season’s end in January. The late spr
By fa
of long. 170°E have grown to a harvestable

They are typically co
During the ea

esh sizes typically ranging from
to 10 m. Single tans are tied and
ear approximately 3 nmi long.

her to form double-length net

y 8-10 net sections per night.

s gill-net vessels first began
fishing grounds were initially
ishery soon extended eastward,
f registered vessels grew from
130 in 1987. Although Korea
hibiting the retention of

net vessels, there are no time

n late April, starting around
ckly move eastward to as far as
effort east of long. 170°E. 1In
ing near the coast of Japan at
ng and summer fishery targets on
1 and early winter, squid west
size and are caught in smaller

rted tuna longliners, reflecting
gliners in recent years. The
% of them 16 or more years old.
verage size of approximately 290
55 mm, although the main sizes
roughout the fishing season
flying squid. Single panels
Since the start of the fishery,
per vessel has risen steadily,
n 1987. Little increase is
operating at capacity when

fishery began with 12 vessels in
Although fishing grounds were
fic, the fishery extended east-
has generally occurred from May
and September.

es about the incidental harvest
domestic regulations for squid
°E, fishing was prohibited north
ese domestic regulations were

e most popular type of vessel is
These vessel average 390 GRT
verted Japanese longliners and,
1y 1980's, nets were reported to
ent vinyl chloride fibers, with




a stretch mesh size of 94 mm. In recent years, mesh sizes have changed;
between 1983 and 1987, the percentage of gill nets less than 100 mm rose
from 18 to 44%. As with the Korean fishery, there have been yearly
increases in the number of gill nets per vessel. At first, Taiwanese drift-
netters were equipped with 250-500 tans of |[gill nets. By 1987, an average
of 1,059 tans of gill nets were loaded on each vessel. This increase has
effectively offset recent reductions in the the number of vessels in the
fishery.

D-3. General Biolopgy of the NPTZ and SA

of the North Pacifiec that are

also on biological and chemical

uch as phosphate and iron,

ss, and abundance measures of
fashion between oceanic regions.

zed by very low concentrations

ivity, and low abundance of
Nutrient levels, primary

ies little between seasons.

The large-scale oceanographic feature
based on physical properties could be base
oceanographic measures. Nutrient levels--
chlorophyll a concentration, species richn
plankton and zooplankton--vary in a relate
Central North Pacific waters are character
of phosphates, low rates of primary produc
zooplankton despite high species richness.
productivity, and zooplankton abundance va

Subarctic waters exhibit high nutrien
concentrations, with high concomitant rate
high abundance of zooplankton. Productivi
peak during summer months, dropping to rel
Chlorophyll values appear to be balanced s
microzooplankton quickly graze down the bu

levels and chlorophyll a

of primary productivity and
y and zooplankton abundance
tively low values in winter.
asonally, indicating that
sts in primary productivity.

An analysis of the geographic distrib
Pacific follows the general distributional
chemical, and biological oceanography. Fo
species found primarily in subarctic water
the southern limit of their distribution.
within the Transitional Domain, but they r
Domain. Species most common in the Transi
often range from subtropical to subarctic
blue sharks, and saury range widely and ma
Peninsula during the summer and south of t
winter. Little is known about the mechani
themselves in this dynamic region.

tion of nekton in the North

patterns of the physical,
subarctic species or those

, the Subarctic Boundary forms
Subtropical species may be found

rely range into the Subarctic
ional Domain during the summer

aters. For example, pomfrets,
be caught near the Alaska

e Subarctic Boundary during the

ms "they use to maintain

Many species of nekton caught in the Transitional Domain, whether
subtropical or subarctic species, feed on similar prey items. One particu-
lar prey item, Berryteuthis anonychus, can| be found in the stomachs of
pomfrets, salmonids, flying squid, and albacore.

D-4. Biology of Flying Squid

A considerable body of literature has been published on the North
Pacific population of the neon flying squid. Most available information on
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the neon flying squid is based on data collected from commercial fishing
vessels. As a result, information on the species is restricted to the
population available within the pelagic fishing zone.

The neon flying squid is an oceanic species distributed in temperate
and (primarily) subtropical regions worldwide. The species is broadly
distributed across the North Pacific between the Equator and approximately
lat. 50°N. Distribution is strongly correlated with sea surface
temperatures within the 15°-24°C (July and| August) and 10°-22°C range
(September-December). Extensive seasonal migrations take place in May and
June, between the winter spawning concentration areas in the Subtropical
Domain and the summer and fall feeding grounds along the Subarctic Boundary
and in the SAFZ. Northerly movements in the western North Pacific follow
the Kuroshio and its associated fronts; southerly movements occur ahead of
the expanding cold Oyashio. Although seasonal migrations occur simulta-
neously in the eastern North Pacific, their relationship to temperature and
current structures have not been well described.

Vertical distribution of neon flying squid varies with water
temperature, salinity, current mixing, and probably availability of prey.
Although individuals have been found at considerable depth, the limits of
vertical distribution are strongly associated with the 10°C isotherm, which
usually occurs at a depth less than 70 m and again between 100 and 200 m
within the Kuroshio. Distribution from summer through early winter is
primarily in the upper surface waters warmer than 10°C. Like other members
of the Ommastrephidae, the neon flying squid undergoes diel vertical
migrations.

All males and most females mature, spawn, and die within 1 year. Some
females live for nearly 2 years, delaying spawning until their second
season. An extended spawning period with two peaks (January-February and
April-May) produces what have been interpreted as distinct cohorts. The
recruits to the fishery, therefore, appear| as groups of "large" and "small"
squid. Preliminary tagging studies indicate highly variable growth rates
between the large and small cohorts. Growth rates are high in spring and
summer during northward migration (2.0-4.0| em/month) and slow with approach-
ing sexual maturity in late fall and winter (0.5-2.0 cm/month). The dorsal
mantle length of squid caught in gill nets| and on jigs throughout the North
Pacific ranges between 14 and 50 cm and averages 27 cm.

Male neon flying squid mature sooner and are smaller at maturity than
are the females. Males show the first signs of spermatogenesis at a mantle
length of 28.5 cm and body mass of 670 g. | All males are fully mature by
November or December, at a mantle length of 32.5 cm, testis weight of
15-20 g, and body mass of approximately 1 kg. Based on the presence of
spermatophores, females in the western North Pacific mature during January
or February at a dorsal mantle length of 40 cm and ovary weight of 20-50 g.
First signs of maturity in females from the central Pacific have been
reported at 50 cm dorsal mantle length. Some evidence indicates that squid
reach a larger size at maturity in the central and eastern Pacific than in
the western North Pacific. There also may| be different stocks in the two
areas. .
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Stomach samples examined from squid cpollected in the western North
Pacific south of the Subarctic Boundary contain primarily fishes and
secondarily squid. Fishes include lanternfishes, sardines, juvenile
mackerel, and saury; identified squids are Watasenia scintillans,
Onychoteuthis borealijaponica, and (cannabilized) Ommastrephes bartramii.
Planktonic crustaceans (e.g., Euphausiacea and Parathemisto spp.) also are
occasionally represented in low numbers in| stomach contents and are found
in the greatest proportions in young squid.

D-5. Biology of Marine Mammals

Five important marine mammal species are caught in the North Pacific
high-seas squid driftnet fishery: northern| fur seals, Dall’s porpoises
common dolphins, northern right whale dolphins, and Pacific whitesided
dolphin. Of these, the northern fur seals have been most extensively
studied and provide the best opportunity for quantifying the effects of
incidental take on population abundance.

Northern fur seals are solitary at se
one or two seals observed per square km of
Dall’s porpoises) typically forage on prey
near breeding areas have identified two t
most efficient but least used behavior con
5-minute-long dives, each over 200 m in de
resting period. After approximately 3.5 h
for 3 hours before beginning the feeding p
commonly used behavior occurs near the she
The fur seals begin feeding near dusk and
relatively continuous and occurs without 1
night progresses, the depth of diving decr
dawn, when the feeding stops. In a single

; seldom, if ever, are more than
ocean surface. Fur seals (and
8-10 cm long, and observations
es of feeding behaviors. The
ists of a regular pattern of

th and followed by a 20-minute
urs of feeding, the animal rests
riod again. A second and more

f break and in offshore waters.
ive to about 100 m; diving is
ng resting periods. As the
ases, then increases towards
night, about 300 dives are made.

Although fur seals are found in sea s
upwards to 14°C, they usually are found in
records of pelagic sealers. These tempera
follow those of Dall's porpoises and preli
quite different from those of northern rig
dolphins.

rface temperatures ranging
waters 8°-13°C, according to

ure preference patterns closely
inary data suggest that they are
t whale and Pacific whitesided

D-6. Biology of Seabirds

Information on the distribution, abundance, and ecology of seabirds in
the NPTZ and SAFZ has been collected durin sighting surveys aboard merchant
ships ("ships of opportunity") and from observations aboard commercial or
research squid drift gill-net vessels. Entanglement data have been
gathered mostly from squid research vessels. The effort expended in these
surveys has been insufficient to describe species distribution and abundance
patterns adequately and to permit reliable estimates of entanglement rates.
Most available data have been collected during summer surveys in the north-
western part of the flying squid fishing grounds; less is known about
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distribution and the entanglement rates du
other regions of the fishery.

Surveys during the summer months of h

ring the fall months and over

ighest driftnet effort have

identified 34 species of seabirds in the region of the squid driftnet

fishery. Both tropical/subtropical and su
identified, with the SAFZ being the region
avifaunas. Of the 34 species, 8 are commo
black-footed albatross, Diomedea nigripes;
inexpectata; Buller’s shearwater, Puffinus
P. griseus; fork-tailed storm petrel, Ocea
storm petrel, 0. leucorhoa; and red phalar

During fall surveys, 29 species have |
fishing grounds; these include many of the
surveys as well as several subarctic speci
immer; glaucous-winged gull, Larus glauces
Rissa tridactyla; and Cassin’s auklet, Pty
sampling has been less extensive, however,
sector of the squid fishery; NPTZ and SAFZ
during the fall.

Species distribution shows latitudina
region. Mean aggregate seabird density (b
latitude; it is highest in subarctic water
lowest in the NPTZ waters. Presumably, th
density is directly related to differences
the oceanic regions.

Of the 34 species seen during the s
and 16 are subarctic, but some species in
SAFZ and even into the other group’s princ
the Leach’s storm-petrel, has breeding pop
and the tropics and has members that may o
the flesh-footed shearwater, Puffinus
Catharacta maccormicki, appear to occur ma
the black-footed albatross, was observed w
oceanic zones,

Of the six species most frequently en
three breed in the North Pacific (Laysan a
tufted puffin, Lunda cirrhata; and horned |
and three breed in the South Pacific (flesl
shearwater; and short-tailed shearwater, P

Seabird entanglement rates in squid d
behavior and feeding habits.

squid fishing operations and actively feed

inly in the SAFZ.
ith equal frequency in all three

barctic forms have been

of overlap dividing the two

n in the squid fishing area:

mottled petrel, Pterodroma
bulleri; sooty shearwater,

nodroma furcata; Leach'’s
ope, Phalaropus fulicarius.

been recorded in the flying squid

species encountered on summer

es (e.g., common loon, Gavia
cens; black-legged kittiwake,
choramphus aleuticus.

Fall
covering only the northeastern
waters have not been surveyed

1 zonation of habitats within the

sed on counts) also varies with
;, intermediate in the SAFZ, and

is variation in mean seabird

in biological productivity among

er, 13 are tropical/subtropical
ach group may range into the
pal habitat. Another species,
lations in both the subarctic
erlap in the SAFZ. Two species,
, and the south polar skua,
One species,

tangled in the squid driftnets,

tbatross, Diomedea melanophrys;
puffin, Fratercula corniculata),
h-footed shearwater; sooty

uffinus tenuirostris).

riftnets are affected by species

The albatrosses are strongly attracted to

gill nets up to 1.5 m below the sea surfac
glacialis, and the shearwaters are shallow
fish caught in the nets down to a few mete
Se

on offal discarded from squid vessels.

on squid and fish caught in the
e, The northern fulmar, Fulmaris
divers and feed on squid and

s below the surface, as well as
eral other species may be
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attracted to fishing operations and offal,
directly from the nets and therefore run a

but they appear not to feed
lower risk of entanglement.

. The number of seabirds attracted to a|driftnet appears to be directly
(but nonlinearly) related to the length and soak time of the gear.
Entanglement rates appear to depend on bird density in the fishing area and
are extremely variable, because of the patchy at-sea distribution of
seabirds. The risk of entanglement probably increases during periods of
migration, when more birds are exposed to the gear set in an area (such as
the September-October southward migration period for sooty and short-tailed

shearwaters).
D-7. Biology of Albacore

Albacore occur in the North Pacific b
support directed fisheries by several type
pole-and-line (live bait) boats, and recre
Canadian trollers; Japanese longliners, po
(Ome-ami) drift gill-net vessels; Korean 1
longliners. The maximum sustainable avera
estimated to be 85,000-135,000 t/year. 1In
fisheries was approximately 60,000 t, with
about 9,000 t. Albacore also are taken in

tween lat. 10° and 50°N and

of vessels: U.S. trollers,
tional rod-and-reel boats;
e-and-line boats, and large-mesh
ngliners; and Taiwanese
e yield for the resource is

1985 the catch from directed

the U.S. share amounting to
identally by squid drift gill-

net vessels from Japan, Korea, and Taiwan, but the magnitude of this

incidental catch is unknown.

The distribution of albacore is age-

nd size-dependent, with spawning

fish occurring predominantly west of the Hawaiian Islands between lat. 10°
and 20°N (south of the Subtropical Convergence Zone) and subadults being

found generally between lat. 30° and 50°N |(NPTZ and SAFZ).

have shown that the subadults make extensi
particular, transpacific migrations occur;
for significant interactions between the J
Pacific and the North American fisheries i
studies of the subadult albacore suggest t]

Tagging studies
e seasonal migrations. 1In
therefore, there is a potential
panese fisheries in the western
the eastern Pacific. Further,
at two stocks may exist within

the region and have different growth rates and migration patterns.

The subsurface longline gear harvests mature and subadult fish,
whereas the surface-fishing trollers, pole-and-line, and Ome-ami vessels
catch primarily the subadult albacore. The surface fisheries generally
take albacore in waters with a temperature of 15°-19°C, and are most
effective where there is a shallow mixed layer and the fish are aggregated
near temperature fronts or other boundary features. Ultrasonic tracking of
free-swimming albacore carrying depth and temperature sensors has shown
that albacore spend considerable time swimming in or near the thermocline
in temperatures as low as about 10°C, however. Albacore also have been
taken in squid drift gill nets set in water as cold as 10°-11°C,

Albacore distribution and catchability are markedly influenced by
oceanographic conditions, particularly the oceanic frontal structure.
Fishing grounds and conditions are routinely forecast by using information
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on sea surface temperature and frontal structure derived from satellite
imagery. For thermal fronts in the SAFZ, albacore aggregate on the warm
(subtropical) side of the fronts to feed o portunistically on cephalopods,
fishes, and crustaceans that are concentrated there. In the frontal region
between NPTZ waters and California Current waters, studies using satellite

ocean color imagery and concurrent observa
research vessels and commercial fishing lo
clarity also is an important factor in the
Albacore concentrate in the warmer, cleare
upwelling fronts and avoid areas of appare
density in the colder (but not unacceptabl
California Current waters.

D-8. Southern Distribution of Salmonid
Until recently, only sporadic and lim
identify factors affecting the southern di
their residence period in the North Pacifi
focused on the relationship between salmon
temperature, and the distributional overla
These studies showed that (1) the distribu
salmonids overlap to some degree and (2) ¢
tively low where sea surface temperatures
catch rates of flying squid drop off sharp
In recent years, sufficient data have acc
into factors affecting the southern distri
lar, the individual and combined effects o
geographical location (longitude and latit

Data from 23 research vessel cruises
into two geographical regions (160°E-175°W
called the western and eastern regions, re
of physical oceanographic characteristics.
data were further divided into three sea s
(10.0°-12.9°C; 13.0°-15.0°C; and 15.0°C or
gill-net operations occurring within the n
squid regulatory area (as defined by Japan

Salmonid occurrence (the proportion o
salmonids were caught, weighted by length
was 47%, but only 8% east of long. 175°W.
salmonid incidence persisted even when the
sea surface temperature interval. Forty-o
in the western region of the squid fishing
atures of 13°-15°C interval, caught salmon
corresponding eastern area. Where the sea
than 13°C, salmonids were taken in 72% of
western region, but only 19% in the easter

ions from sonic-tagged albacore,

books have suggested that water

distribution of albacore.
subtropical waters along

tly higher productivity and prey
cold) and more turbid

ted work had been done to
tribution of salmonids during
Ocean. Most of these studies
d catch rates and sea surface
of flying squid and salmonids.
ions of flying squid and

tech rates of salmonids are rela-
re higher than 15°C, whereas

y in waters colder than 12°C.
ulated to allow improved insight
ution of salmonids. In particu-
sea surface temperature and

de) are now better understood.

ccurring in 1982-87 were divided
and 174°-145°W, hereafter
pectively) based on similarity
Within these two areas, the
rface temperature intervals
warmer) and limited to those
rthernmost 0.5° latitude of the
se domestic regulations).

gill-net sets in which
f the net) west of long. 175°W
The longitudinal cline in
data were stratified further by
e percent of the gill-net sets
area, and in sea surface temper-
ds compared with 0.0% in the
surface temperature was colder
he gill-net sets made in the
area.
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There is growing evidence that salmon primarily inhabit subarctic
waters and seldom migrate into the Transitional Domain (or the northern
portion of the SAFZ), thus confirming the importance of water mass
structure in determining the southern limit of salmonid distribution. For
instance, Japanese scientists have shown, 'in an analysis of meridional
transects across the SAFZ, that salmon catches in most transects were
confined to subarctic waters; otherwise, they occurred in the northernmost
portion of the SAFZ.

Geographical differences in the relationship between catch per unit
effort and sea surface temperature are eagily explained if water mass
structure is an important determinant of the southern limit of salmonid
distribution. Although sea surface isothdrms are generally zonal across
the North Pacific Ocean, the SAFZ is located 4-6 degrees further north in
the eastern region than in the western area, Because of this angling
northward, when the sea surface temperature is colder than 15°C in the
squid fishing region, subarctic water intrusions, as defined by the
subsurface thermohaline structure, are less likely to occur in the eastern
area of the fishery than in the western area.

II. Strategic Planning
A. Purpose, Method, and Roles

The purpose of the strategic planning meeting was to develop the main
features of a 5-year research program plan for the SQUADCOM that would
guide its short- and long-term programming, scheduling, and budgeting
decisions. The emphasis was on identifying major concerns and considera-
tions with respect to the various MRUS affected by squid driftnets, and the
basic elements of a scientific research program to achieve SQUADCOM goals.
The strategic plan then would provide a basis for more detailed and
specific operational planning by the SQUADCOM and its collaborators,
consistent with funding constraints. The plan also would assist NMFS in
undertaking a more fundamental evaluation of agency goals and programmatic
actions with respect to squid driftnet issues.

Incidentally, the workshop was seen as a way to establish a network
of scientists from universities and government agencies with expertise and
interest in various aspects of the squid driftnet problem. Such a network
would be a valuable basis for future collaboration in SQUADCOM research
programs. '

The strategic planning was carried out by employing a facilitated,
interactive planning system involving a set of consensus-building
techniques. The interactive planning method helps a group of people from
different backgrounds--and with different areas of expertise, perspectives,
and viewpoints--arrive efficiently at a cohsensus on issues and appropriate
solutions (if a consensus, in fact, exists) by a professional planning
facilitator. The method stresses the active and equal participation by all
group members, so that the resulting plan teflects the full spectrum of
ideas and concerns. The role of the group members is to provide the con-
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tent of the plan, based on their scientific or administrative expertise and
experience. They provide information to e¢ach other, offer ideas about
research projects and activities in response to probing by the facilitator,
explain and clarify their ideas to the otﬁer members, and indicate their
preferences and priorities for multiple alternative research strategies.
The role of the facilitator is to establish the format and ground rules of
the planning process and to maintain fair and orderly progress toward plan
development.

B. Objectives of the SQUADCOM

The planning session began with the 4efinition and clarification of
the objectives of the SQUADCOM. These objectives had a basis in the new
driftnet law and were as follows: ‘

(1) estimate the number of MRUS killed in the North Pacific squid
driftnet fishery;

(2) determine the effects of this fﬂshery on the MRUS; and
(3) develop and evaluate management?options for mitigation of the
impacts on MRUS. ‘ ‘

The first and second objectives respond to requirements under Section
4005 of Public law 100-220, specifically the requirement that the Secretary
of Commerce report to Congress on the "na&ure, extent, and effects" of
driftnets on MRUS. The report is to be based on the best available informa-
tion, including data derived from shipboard monitoring programs undertaken
by the United States in cooperation with dhe relevant foreign governments,
as provided for in Section 4004, or statiqtics supplied by the foreign
governments at the request of the Secretary, as stipulated in Section 4005.
The Secretary also must evaluate and report on the reliagbility of the
information provided by the foreign governhents. Although the driftnet law
does not define the meaning of "effects," the planning group understood the
word to mean the biological and ecological impacts on MRUS and related
economic impacts.

The third objective has no foundation in the driftnet law; however, it
anticipates the need for a quantitative evaluation of driftnet fishery
management options. The development and analysis of management options are
essential for negotiated agreements on meabures to reduce the detrimental
effects of squid driftnets on MRUS.

C. Defining the Elements of a Research Program

With the SQUADCOM'’s objectives defined, the planning group was asked
to participate in a Nominal Group Technique (NGT) session by responding to
the following "trigger question": ‘

i
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"In the context of producing a research plan for the SQUADCOM, what
important projects or major tasks do you think need to be carried out to
meet the program objectives by 19942?"

Each member independently drew up a list of projects, and the lists
were compiled; 61 projects were proposed. Then each suggestion was
explained and clarified by its originator, until the group understood its
meaning. As the projects were reviewed, some were modified or elaborated,
some were combined with others, and a few‘new ones were added to the list.
The final list of 63 projects is given in Appendix C.

Then each group member contemplated the list of 63 projects and
independently selected and ranked the 5 projects that they considered most
important. These results were tabulated, with seven projects receiving at
least one top ranking (and usually several other high rankings). The
following projects were considered "most important” by the group:

Project 4--Develop sampling design, sampling protocols, and an opera-
tional plan for an observer program to collect oceanographic, biological,
and by-catch data,. ‘

Project 7--Understand biological andloceanographic processes affecting
the distribution, abundance, and availabiiity of MRUS and their associated
catch rates in the driftnet fishery.

Project 1l4--Develop models of squid population dynamics.

Project 16--Understand the effects of mesoscale physical and biological
processes on the distributions of importanmt MRUS affected by the squid
driftnet fishery. 1

Project 20--Define the means of implémenting the observer program.
: | .
Project 27--Develop research program options, including research
vessel plans, to estimate total incidental mortalities in the absence of
adequate observer agreements. ﬁ

Project 43--Develop models to predicﬁ by-catch under various scenarios
of the squid driftnet fishery. |
Although these 7 projects were clearly seén as the most important, 23 other
projects were ranked at least once among the top 5.

Next, the participants explored the ﬂnterrelationships among the
projects, starting with those of highest jank. This process was aided by
another interactive, consensus-building technique, in this case employing a
computer program called Interpretive Struitural Modeling (ISM). Prompted
by the program, the planning group answered the following question with
respect to each pair of projects selected by the program (denoted X and Y):

"In the context of pursuing the research program objectives,
Erom project X be needed

will the experience or information
to carry out project Y?"




18

This exercise produced a structural map and flowchart showing the support
relationships among the projects. The inferential logic algorithms of the
ISM program minimized the number of pair-wise comparisons required to
describe the structure. Nevertheless, in the several hours scheduled for
the ISM process, only 21 of the projects could be discussed and examined by
the group, yielding a preliminary and incomplete structure. This was a
very useful result, however, and included hll of the key, high-ranking
projects. Later, members of the SQUADCOM completed the ISM task.

D. The Prelimary Program Structure

A flowchart showing the preliminary program structure developed by the
entire planning group is given in Figure 1. Two features of the first-cut
program structure stand out. First, even with a subset of projects defined
at a high level of organization, the compl@xity of the driftnet program is
evident. Second, it is not yet clear from the preliminary structure how
the projects support the SQUADCOM goals. mFnly project 14 (develop models
of squid population dynamics) is in a terminal position in the flowchart,
suggesting that all other projects must precede it or that they support no
other useful objective. Clearly, this is not what the planning group
intended.

Another reason for ambiguous results in the ISM structuring is that
semantic differences colored the group’s collective responses. The Nominal
Group Technique (NGT) and ISM methods at once clarify and confound a group's
thinking about a problem by exposing the myriad ways different people can
view the same word, concept, or statement.| Ambiguity apparent in the pre-
liminary program structure sometimes can be resolved in later iterations.
Indeed, without some formal process to expose these "disconnects" between
participants, it is entirely likely that group members would leave the
meeting thinking that they are understood or that they understand each
other’s ideas perfectly, when in fact confusion still reigns.

In this case, the group repeatedly was divided on the meaning of the
concepts "model" and "modeling." Some members of the group saw a "model"
as a refined numerical end product of research, and "modeling" as the
ultimate analytical activity necessarily pﬁeceded by hypothesizing, survey
planning, and data collection. Others viewed "modeling" as a process that
began with the first thought about a problem (the first conceptual "model")
and continued through iterations of hypothesizing, experimentation, and
analysis until some conclusion was reached. Some vaccilated between views,
depending on the project comparison under bonsideration.

This ambiguity is reflected in the prkliminary program structure. For
example, Figure 1 shows that the group considered projects 16 and 43 to be
mutually supportive. The group thought that knowledge of mesoscale
physical and biological processes and their effects on MRUS distributions
would be useful for prediction of by-catches. At the same time, at least a
provisional conceptual model of by-catches would be needed to indicate how
information on MRUS distribution and mesoscale effects would be employed.
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It is important to bear in mind when interpreting the flowchart that
the indicated relationship between a pair of projects is not necessarily a
temporal one. That is, project X may supﬁort project Y (in the sense of
the question above) without having to preqede it; in fact, many of the

"projects" would be concurrent and would jnvolve feedback relationships
characteristic of iterative, adaptive processes.

E. Tasks and Activities

After developing the preliminary (and incomplete) program structure,
the group was asked to specify the tasks and activities it thought were
required to achieve the 21 projects included so far. Because little time
was available for this exercise, a compleﬁe specification of tasks was
impossible. However, even the incomplete results will assist the SQUADCOM
in later development of operational plansJ

To simplify the process, the projects were placed in four categories:

(1) biology, (2) oceanography, (3) fisherﬁ monitoring and analysis, and (4)
administration. Several of the projects flell in more than one category:

Categoryf
Project Biology Oceanography  Assessment Administration
1 X
2 X
4 X X
5 X
6 X X
7 X X
9 X
12 X }
13 X |
14 X X
15 X
16 X
18 X
19 X
20 | X
22 X X | X
23 X f
24 X !
27 | X X
37 X X |
43 X

The participants assembled into subgroups,%and each subgroup dealt with a
specific category of projects. The results of this exercise are listed in
Appendix C. 3
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ITII. Follow-up Work by the SQUADCOM

A. Revised Strategic Plan

of ideas for achieving the SQUADCOM's goals and reveals the complexity of
relationships among them. However, further work was needed (1) to complete
the ISM process begun by the entire planning group and (2) to clarify and
simplify the program strategy and produce a plan more understandable by
people outside the planning group.

{
The preliminary program structure sh%wn in Figure 1 shows a rich set

\

First, the SQUADCOM completed the ISM process on the remaining
projects. This additional work resulted In the chart in Figure 2. This
figure provides a somewhat better view of| the overall program strategy than
does Figure 1, but it still lacks clarityk

Next, the SQUADCOM reworked the program structure in an effort to
simplify the strategy and its graphical presentation. This reworking was
accomplished by aggregating the projects generated by the NGT process into
higher order elements, while explicitly showing how these major elements of
the strategy supported SQUADCOM goals. All projects suggested by the
workshop group were retained somewhere in|the strategy within a higher
order element, with the exception of prochts 44 and 50, which pertain to
marine debris.

\

The simplified plan, which is displayed in Figure 3, shows more
clearly the key program elements and strategies. The elements are shown
arrayed from left to right, with arrows indicating primary links between
them. The steps lead logically to the SQUADCOM goals on the far right.

Beginning on the left of the flowchart, some key administrative
elements are as follows:

(1) Development of an administrative structure for the program,
including adequate staffing, funding, and management.

PROJECT: 2

(2) Development of a comprehensive data base to support the systematic
editing, storage, retrieval, and analysis|of squid driftnet information.

PROJECT: 39

(3) Creation of a coordinating body of government, university, and
industry experts to advise the SQUADCOM, ir its successor organization, on
the development and integration of a research program supporting the

program goals.

PROJECT: 15

(4) Continued support of bilateral talks between the United States and
nations with drift gill-net fleets to acquire driftnet effort and entangle-
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ment data and to arrange for placement of U.S. observers on commercial
driftnet vessels and/or research vessels ﬁor estimation and monitoring of
driftnet entanglement rates. [Note: this element was not among those
generated by the trigger question.] !

PROJECT: new project added by SQUADCdM

The next set of program elements invdlves development of operational
plans and assessment guidelines and management of data collection tasks:

(1) Development and management of the observer program to collect data
from commercial squid driftnet vessels, including recruitment and training
of observers, standardization of data collection forms and procedures, and
evaluation of observer placement goals and strategies.

PROJECTS: 4, 20

(2) Identification and acquisition of existing data pertaining to squid
driftnet effort and entanglement rates through the bilateral talks or other
means.

PROJECT: 33

(3) Development of research programs, including research vessel
surveys, necessary to achieve the program goals and particularly to enable
the estimation of entanglement rates and driftnet impacts in the absence of
an observer program.

PROJECT: 27

(4) Development of the means of evaluating impacts of incidental
mortalities of MRUS, including (a) definition of criteria for measuring
effects on the MRUS stocks, associated bio ogical communities, and
ecosystems, and on people who benefit from them (i.e., socioeconomic
impacts); (b) agreement on methods of computing such effects; and (c)
setting of tolerance limits or acceptance levels for the various impacts.

PROJECTS: 38, 49 |

A third category of program elements covers the various research
activities, including analyses of existing data and collection of new data
from research vessels: i

(1) Biological studies of MRUS species and relevant ecosystems,
including descriptions of the distribution and migration patterns of marine
mammals, seabirds, salmonids, and albacore, and the relationships between
these patterns and oceanographic parameterL (such as frontal structure and
sea surface temperature). Of particular importance is the delineation of
the southern distribution of salmon and steelhead stocks with respect to
near-surface temperature structure.
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PROJECTS: 12, 19, 23, 24, 29, 30, 36,

(2) Studies of physical, chemical, an
processes important to an understanding of
driftnet fishery and the stock abundance,
MRUS.

PROJECTS: 3, 13, 25, 35, 54, 55, 61

(3) Studies specifically focusing on
dynamics and their relationships to variab
of MRUS.

PROJECTS: 16, 17

(4) Studies of the variability, in sto
causes of such variation, for evaluating t

documenting impacts of incidental mortalit

PROJECTS: 9, 31, 58, 59

The biological and oceanographic stud

elements aimed at modeling the basic compo
estimation of entanglement rates:

(1) Development of models of flying s
(abundance and distribution).

PROJECTS: 14, 22, 34, 41

(2) Modeling of squid driftnet fleet
distribution), based on squid stock dynami

PROJECTS: 1, 40, 46, 62

(3) Modeling of MRUS stock densities
fishing grounds.

PROJECT: 7

Finally, a set of program elements le
goals was identified:

(1) Development of models and methods
squid driftnet incidental mortality levels
components.

PROJECT: 43

37, 42, 51, 52

d biological oceanographic
the dynamics of the squid
distribution, and catchability of

mesoscale ocean structure and
ility in the incidental mortality

ck sizes of important MRUS and the
rends in MRUS populations and for
y in the squid driftnet fishery.

ies support another set of
nents of numerical models for

quid population dynamics

dynamics (fleet size and
cs and economic factors.

and catchabilities on the squid

ading directly to the three major

for monitoring and predicting
based on lower level

(2) Development of methods, regulatioms, and policies to reduce
7 of MRUS.

entanglement rates and incidental mortality
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PROJECTS: 21, 48, 60
(3) Development of models and methods to monitor and predict impacts
of squid driftnet incidental mortality on MRUS and associated socioeconomic
(user) values.
PROJECT: new project added by SQUADCOM
On the right-hand side of Figure 3, the three SQUADCOM goals are
given. They are supported by the lower level elements. In addition, they

directly involve several projects not included elsewhere:

(1) Estimate and report on the nature and extent of incidental mortality
to MRUS caused by squid drift gill nets.

PROJECTS: 5, 6, 10, 18, 26

(2) Assess impacts of incidental mortalities on MRUS populations and
associated socioeconomic (user) values. '

PROJECTS: 47, 63

(3) Evaluate management options.

PROJECTS: none suggested yet

Although the arrows in Figure 3 suggest the major logical and support
relationships between the program elements, the left-to-right arrangement

of components is not meant to imply a temppral ordering. 1In fact, many of
the projects would be concurrent and would involve feedback.

B. Implementation

This strategic plan will be used to guide SQUADCOM activities and to
give direction to driftnet entanglement program development decisions at
higher levels of NMFS.

|
Two steps will be taken to move forwa#d with planning:

(1) The strategic plan will be circulated within NMFS and presented to
NMFS administrators at headquarters and the regional levels for information
and action,.

(2) The SQUADCOM and scientists at regional laboratories involved in
the driftnet research program will develop operational plans to address
key national and regional concerns, assisted by the extensive list of tasks
and activities suggested by workshop participants. The various operational
plans, appropriately coordinated, will provide a basis for comprehensive
driftnet program funding decisions.
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APPENDIX B
1
Workshop on Biology, Oceanography and Fisheries of the
North Pacific Transition Zone
|
9-13 May 1%88
Conference Room
Honolulu Laboratory, Southwest Fisheries Center
National Marine Fisheries Service
2570 Dole Street, Honolulu, Hawaii

SCHEDULE AND AGENDA

|
|
Monday, 9 May §
9:00 a.m. - 4:30 p.m. 1
|
i

(1) Introduction (J. Wetherall)
* background and scope of workshop
* objectives, timetable
* review of agend
(2) Review of squid driftnet fisheries |-- catch, effort by time & area;
historical data, trends, current status; regulatory process
(5. Ignell)

(3) Overview of recent research programs

* U.S., Japan, Korea, Taiwan (S. Ignell)
* Canada (R. Margalis) ’

(4) Review of data base -- fishery statistics & research vessel data
* inventory, data base description (J. Wetherall)
(5) Review of Transition Zone oceanography (G. Roden)

Tuesday, 10 May
8:30 a.m. - 5:00 p.m.

(6) Review of Transition Zone biology

* General (W. Peaxcy)

* Flying squid (E. Sinclair)
* Marine nammals (R. Gentry)
* Seabirds (R. Day)
* Salmonids (S. Ignell, others)
* Albacore (M. Laurs, R. Lynn)

(7) Approaches to driftnet by-catch estiimation (J. Wetherall)
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Wednesday,. 11 May - Friday, 13 May

8:30 a.m. - 4:30 p.m.

(8) Strategic planning

*

*
*
*

* %

%

for research (D.
overview of plar

Mackett, S. Jacobson, group)
ning process

discussion of research objectives

discussion of "t
group generation
in response to t

clarification of

voting & selecti
specification of
projects
flowcharting
identification o
wrap-up

(9) Discussion of follow-up events & sd

(10) Adjournment

rigger questions"
} of research projects
rigger question
research projects
on of key projects
' logical relationships among

f project activities

hedule for plan implementation
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APPENDIX

!

Projects Identified

B S

in Response

To the Trigger ?uestion

Trigger question: i
|

"In the context of producing a research plan for the SQUADCOM
[Squid Advisory Committee], what important projects or major

tasks do you think need to be carri
objectives by 1994?"

Projects:

1. DeVelop a model to predict temporal and

driftnet effort.

2. Develop an administrative structure for
program.

3. Collect physical oceanographic observat
satellites, and meteorology directed towar

4. Develop a sampling design, sampling pra
for an observer program to collect oceanog
data.

5. Estimate the number of marine mammals,
and other marine resources of the United §

6. Determine the causes of incidental mort
seabirds, salmonids, albacore, and other M

7. Understand biological and oceanographic
distribution, abundance, and availability
catch rates in the driftnet fishery.

8. Develop a research vessel plan to provi
[included in project 27]

9. Estimate trends in the abundance of by-
of relevant biological parameters.

10. Determine where extreme effects occur

d out to meet the program

spatial distribution of squid

the overall direction of the

ions using research vessels,
d the subarctic frontal zone.

tocols, and an operational plan
raphic, biological, and by-catch
seabirds, salmonids, albacore,

tates (MRUS) killed by driftnets.

alities to marine mammals,
[RUS .

processes affecting the

of MRUS and their associated

de data that can be extrapolated.

catch species and in the values

in the by-catch.

11. Understand effects of mesoscale physical and biological processes

on the distribution of squid. [included i

12. Identify nonfishing factors that influ
availability of MRUS.

n project 16]

ence total abundance and
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13. Describe inter- and intra-annual variations in the oceanography of the
North Pacific Transition Zone and Subarctic Frontal Zone by using
historical data, including remote sensing

14. Develop models of squid population dynmamics.

15. Develop a coordinating body for integrating fishery-independent
research programs, projects, and initiatives.

16. Understand the effects of mesoscale piysical and biological processes
on the distribution of important marine resources affected by the squid
driftnet fishery. |

17. Determine the seasonal and subregiona¢ importance of the SAFZ to apex
predators. a

18. Identify age, sex; reproductive condition, diet, and stock structure of
marine mammals, seabirds, salmonids, albacore, and other MRUS caught in the
squid driftnet fishery.

1
19. Describe trophic interrelationships.

20. Define the means of implementing the $bserver program.
i

21. Determine how fishing methods affect by-catch.

22, Locate Squid spawning grounds and detérmine spawning seasons.
\

23. Understand causes of biological patch#ness and develop statistical
models to describe it. ‘

|
24, Estimate the "natural variability" of productivity, recruitment, and
age structure of species affected by the driftmet fishery.

25. Evaluate North Pacific oceanographic Jonitoring capabilities and
establish/recommend improvements.

26. Estimate drop out, survival, and discard rates for albacore and other
important MRUS.

27. Develop research program options, including research vessel plans, to
estimate total incidental mortalities in the absence of adequate observer
agreements.

28. Estimate survival rates of animals that drop out of the net or are
discarded. [included in project 26]

29. Determine physical and biological causes of inter-annual variation in
abundance of seabirds and other apex predjtors.

30. Measure proximate factors (e.g., movement and dive patterns) that place
marine mammals at risk.
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31. Evaluate the independence of the stocks of impacted species.

32. Determine stock origins of by-catch Tpecies. [included in
project 31]

33. Acquire reliable information on the distribution of fishing effort.
34. Determine how squid migrations are directed and facilitated. -

35. Check assumptions and applicability of current statistical models to
the real ocean. }

36. Describe and explain similarities and| differences in the scale of
biological and physical oceanographic eve+ts in the North Pacifiec.

37. Identify and define habitats and distiibutions of MRUS affected by
drift gill-net fisheries.

38. Develop criteria for impact assessment of important MRUS.

39. Establish analytical and data managem%nt support for by-catch
estimation program. ‘
|

\

40. Develop an understanding of market fa#tors and operations that drive
the squid fishery. |

41. Understand the biological importance $f Subtropical Frontal Zone to
flying squid and other species. }
42. Understand the vertical segregation of squid and other species with
respect to oceanographic conditions, season, and geographic area.

43. Develop models to predict by-catch under various scenarios of the squid
driftnet fishery.

44, Collect information on the amount and distribution of marine debris in
the North Pacific and its impact on MRUS.

45. Determine depth distribution of squid and by-catch species at night on
the fishing grounds [included in project 42]

46. Develop a mechanistic explanation for}the dynamics of drift net
fisheries. .
\
|
\
|
|
\

47. Evaluate the socioeconomic impacts of foréign drift gill-net fisheries

on the United States.

48. Develop gear modifications to reduce the entanglement of marine
mammals, seabirds, salmonids, albacore, and other important MRUS.

49. Review national and international laws, policies, and agreements
regarding high-seas fisheries resource utilization.
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50. Develop technologies to reduce biological impacts of abandoned, lost, or
discarded fishing gear.

51. Determine overlap in the ocean distribution of flying squid and
salmonids during different seasons.

52, Determine distribution patterns of major prey of marine mammals,
seabirds, flying squid, salmonids, albacore, and other MRUS.

53. Determine distribution patterns of the major prey of squid and
seabirds. [included in project 52]

54. Establish a clearinghouse for oceanographic data, so that they are
readily available to investigators.

55. Compile historical biological and oceanographic survey data and add to
the data base.
56. Establish oceanographic sampling pro‘ocols for observers, including
what should be measured, standardization jf methods, and sampling design.
[included in project 4] !

\

57. Establish biological sampling protocdls for observers, including what
should be measured, standardization of methods, and sampling design.
[included in project 4] ‘

58. Explore means for obtaining baseline ﬁata on flying squid and by-catch
species. |

59. Develop methods of following and 1ntejpreting trends in potential stock
size and body size composition in flying squid and by-catch species.

60. Develop or explore uses of other types of fishing gear.

61. Develop instrumentation to facilitate [investigations of biological and
oceanographic processes.

62. Correlate fishing effort information with oceanographic factors.

63. Evaluate the socioeconomic value‘of the squid driftnet fishery to
harvesting nations.
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APPENDIX |

L4

Required to Complete the Projects

i
\
Administratio

Projects Pertaining to This Section:

Preliminary List of Task; and Activities

]

|
2. Develop an administrative structure fLr the overall direction of
the program. ‘

research programs, projects, and initiatives.

27. Develop research program options, in luding research vessel plans, to
estimate total incidental mortalities in the absence of adequate observer

15. Develop a coordinating body for inte rating fishery-independent
agreements.

Activities Required to Initiate and Complete Project 27:

See Oceanography Section

Activities Regﬁired to Initiate and Complete Projects 15 and 2:

1. 1Identify projects and potential contributors, such as university
scientists, that are needed for the progr

2. Prepare a comprehensive research propasal for internal review. The
proposal should include means of accompli hing some research objectives
through ongoing projects, thereby acquiring information at either no cost
or, with minor adjustments to fieldwork, small additional cost.

3. Develop an international committee of |scientists to deliberate,
recommend, and initiate research activities independent of current research
programs. .

4. Assess the viability, suitability, and potential structure of a
multilateral body to coordinate research activities.

5. Develop specific terms of reference for the international coordinating
body. o

6. Develop program management options for| review and discussion by appro-
priate National Marine Fisheries Service (NMFS) regional administrators and
science directors. Such options would include task leadership, advisory
structure, location of research activities, and funding sources.
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7. Initiate administrative actions to put| the structure in place,
including development of position descriptions, administrative orders,
Current Year Operating Plans, supplemental| funding requests, and
reprogramming memoranda.

8. Hold program review for an in-house NMFS advisory committee every 2

years and explicitly identify areas and projects that could benefit other
ongoing NMFS programs. Involve industry and other pertinent constituents
in the review.

9. Prepare and deliver annual report to Congress as required by the
Driftnet Act of 1987 (Public Law 100-220, Title IV) and all other
deliverables required by that law.

10. Explore the feasibility of an international industfy-government
observer program for North Pacific high-sefs fisheries.

1
Oceanograghg

Projects Pertaining to This Section:

for an observer program to collect oceanographic, biological, and by-catch

\
4. Develop a sampling design, sampling prgtocols, and an operational plan
data.

|
7. Understand biological and oceanographic processes affecting the
distribution, abundance, and availability of MRUS and their associated
catch rates in the driftnet fishery.

13. Describe the inter- and intra-annual yvariations in the oceanography of
the North Pacific Transition Zone and Subarctic Frontal Zone by using
historical data, including remote sensing.‘

16. Understand the effects of mesoscale physical and biological processes
on the distribution of important marine resources affected by the squid
driftnet fishery.

22. Locate squid spawning grounds and det#rmine spawning seasons,
23. Understand causes of biological patch#ness and develop statistical
models to describe it.

27. Develop research program options, including research vessel plans, to
estimate total incidental mortalities in the absence of adequate observer
agreements. !

‘ \
37. 1Identify and define habitats and dist#ibutions of MRUS affected by
drift gill-net fisheries. }
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Activities Required to Initiate and Compléte Project 4:

See Fishery Monitoring and Analysis éection

Activities Required to Initiate and Complgtg Project 27:

1. Identify domestic and foreign resourcds (e.g., dollars, ship time,
data, scientists, satellites, established |research programs) that are
potentially available and applicable to this problem.

2. Develop a "white paper" on the full cdsts (dollars and otherwise) of
obtaining by-catch information through either an observer program or a
research vessel survey program, :

3. Convene a workshop of involved parties to address the questions of
research objectives, cruise plans, field ‘ethodology, data management,
analysis, reporting, coordination of field activities, and cross-
fertilization. 3

4. Agree on a matrix of actions. 3

5. Develop a predictive and mechanistic models of by-catch. Specifically:
(a) using research vessel data and observer data, describe and quantify the
relationships between by-catch rates and oceanographic parameters; (b)
using observer data, establish the behavior and dynamics of the fishery and
assess the importance of oceanographic features to the selection of fishing
areas; (c) develop an ocean monitoring capability using satellites, "ships
of opportunity,” the Shipboard Environmential (Data) Acquisition System
expendable bathythermograph program (XBT), and other elements to describe
frontal structure and sea surface temperatuire mesoscale patterns; (d)
allocate fishing effort throughout the fishing region according to
information in (b) and relate this to (c), then predict the catch from
models developed in (a); (e) test and verify (d) by using observer data and
information from chartered commercial squid vessels.

6. Design and conduct a research cruise, including squid jigging, acoustic
surveys, and sighting surveys of marine mammals and seabirds in Subarctic
Frontal Zone waters during the North Pacific. squid driftnet fishing season.

7. Review and assess the economic performance of the squid driftnet
fishery. 1If possible, use historical data to analyze the association
(e.g., regression) between target catch levels and by-catch levels and to
estimate the current level of by-catch.

8. Obtain by-catch information from foreikn governments or fishing
associations. : :

9. Assess the suitability of research ves#el operations for estimating
driftnet by-catch rates in lieu of broad commercial vessel observer
coverage. What are the shortcomings of thts approach? Under what
conditions would it be an acceptable alternative?

|
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10. Begin work in 1988 to design cooperative research surveys with Taiwan,
Japan, and Korea to address this project.

11. 1Initiate discussions, through nongovdrnmental channels, with
scientists from the drift-netting nations to develop coordinated
international research efforts. In these discussions, promote the
deployment of research vessels in areas of critical interest. Some
important steps are (a) identify the data needed to meet the objective; (b)
decide what sampling gear, survey patternq, station placement, etc. are
required to satisfy by-catch estimation requirements; (c) define the best
composition of field parties for the survéys; (d) decide how the survey
data will be shared, managed, analyzed, and reported.

Activities Required to Initiate and Compléte Project 22:

1. Describe the reproductive biology of important squid species.

2. Review information on the spawning characteristics of squid and the
oceanographic features of known’or assumej spawning regions to identify
oceanographic parameters associated with preferred spawning grounds (e.g., *
the intensity, depth, and variability of dhe subsurface salinity maximum).

3. Review information on the physical oceanography of the North Pacific
Transition Zone and the Subtropical Frontal Zone to determine places and
times suitable for spawning of flying squid. Describe the hydrostatic
stability distribution in the Subtropical Frontal Zone, so that areas of
high stability can be mapped (if the high stability layer is too deep or
nonexistent, squid eggs may sink into unfavorably deep waters).

4. Survey likely spawning areas and "control" areas with plankton nets to
estimate the density of squid paralarvae.

5. Survey central Pacific waters north of Hawaii and waters in the eastern
part of the North Pacific Transition Zone Eor squid larvae and juveniles
during the winter and spring.

6. Once spawning grounds are located, ex mine seasonal variation in the
abundance of paralarvae and determine precise physical correlates.

\
7. Attempt to track several maturing squip by using acoustic tags.

8. Examine stomachs of seabirds for the pkesence of juvenile squid as an
indication of juvenile squid distribution.:

9. Design and conduct a tag and release ekperiment to determine flying
squid spawning migration patterns.

10. Determine the lifespan of flying squiﬁ and what proportion of females
spawn during their second year. |

11. Determine the number of distinct spawﬁing populations.
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12. Involve Japanese, Korean, and Taiwanése scientists at all stages,
especially in the initial planning stages where their knowledge and
experience would be vital, and in cooperative research vessel surveys.

13. Determine what data, e.g., biological samples or observations, could
be collected from the commercial fishery that would be helpful.

Activities Required to Initiate and Complete Projects 37 and 7:

|
1

1. Conduct a complete review of available literature on the habitats,
abundance, and distributions of important %RUS.

2. Define important/key processes affectibg MRUS.

3. For those MRUS caught in the squid drﬂftnet fisheries, collect and
correlate catch rate data and any other awéilable information on abundance,
distribution, and movements with biological and physical oceanographic data
(including satellite data) by season and age. Determine whether these
associations change over time and area.

4. 1Identify gaps in knowledge and set up research programs to fill them.
For stocks and life history stages about wpich little is known, conduct a
"course grain" survey involving measurement of many physical and biological
oceanographic factors in areas where the particular resource is known or
thought to occur. |

5. Using commercial driftnet gear, conduct research vessel fishing
operations over a prescribed area following a predetermined sampling plan.
In particular (a) measure seasonal distributions and abundance of key MRUS
in the squid fishing area (for seabirds and marine mammals, use at-sea
transects; for fishes, cephalopods, and seE turtles, use standardized fixed
fishing stations); (b) measure physical oceanography (current structure,
water-column structure, temperature-conductivity profiles, water clarity)
and biological oceanography (patterns of primary production, zooplankton
densities, densities of squid and smaller fishes that may be eaten by the
larger MRUS) in the squid fishing area concurrently [mesoscale and possibly
microscale]; and (c) try to relate (a) and (b). As part of this study,
determine the "availability" of MRUS to squid driftnets by measuring depths
in the water column at which MRUS species pccur while in the squid fishing
area, and depths at which the prey of MRUS occur. Measure these at all
appropriate scales and conduct the physicaﬁ and biological sampling year-
round to determine seasonality.

6. Determine the association between maribe mammal and seabird diving
activity and oceanographic features, particularly the location and strength
of temperature and/or salinity fronts, where squid are taken by the
fishery.

7. Examine the timing of MRUS migrations and movements in relation to
temperature fronts, changes in primary productivity, and other factors.
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8. Develop a list of research objectives that might be addressed by squid
driftnet vessel observers or scientists on research vessels, including the
following: (a) determine the variability in depth distributions of important
MRUS (e.g., are salmon concentrated in the\temperature minimum layer during
the summer, below the warmer surface waterb where the squid driftnets are
fished?); (b) determine the depths at which MRUS are caught in driftnets;
(c) make concurrent measurements of MRUS distributions and environmental
conditions; (d) conduct environmental- physﬂological research on MRUS
species; (e) determine the extent to which;important MRUS alter the course
of their direct movement in response to mesoscale oceanographic events.

9. Design means (e.g., using satellite data) for monitoring key
environmental processes.

10. Study the distribution and abundance bf prey resources.

Activities Required to Initiate and CompleFe Project 13:

1. Examine Color Zone Color Scanner imagety and Advanced Very High
Resolution Radiometer data from the North Pacific for gradients and
determine mesoscale and fine-scale spatial patterns of "chlorophyll” and
sea surface temperature within high-gradient regions.

2. Inventory historical oceanographic data and develop a data management
system as required. Examine historical data to determine medians and ranges
of important parameters. Incorporate these statistics into the data base.

3. Examine marine deck sea surface temperhture winds, and derived
physical quantities for seasonal and 1onget term variations in regions of
the North Pacific Transition Zone.

4. Investigate the effect of atmosphere forcing on the spatial and
temporal variability of the North Pacific Transition Zone and associated
frontal zones with a grid mesh no coarser than 1° of latitude and 1° of
longitude.

5. Relate mesoscale eddies to the position of larger scale fronts in areas
of current confluence.

.

Activities Required to Initiate and Complgﬁe Projects 16 and 2

1. Design and conduct a focused mesosca1e<experiment including (a)
locating regions of larger scale confluencts (fronts), initially using
satellite infrared data; (b) mapping the e dy field in the confluence
region; (c) mapping the thermohaline structure in the upper few hundred
meters (to determine variability of stratification):; (d) mapping the flow
field using acoustic Doppler current profilers (while vessel is under way) ;
(e) mapping the chlorophyll-a structure (in conjunction with a towed
instrument, such as a conductivity- temperature -depth (CTD) recorder); and
(£) replication of all survey tracks.
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2, 1In a critical region of the squid gill
a mesoscale experiment to map mesoscale bi
(areas of convergence of large-scale curre
Objectives of the experiment would be to (

patchiness of important food organisms for| fishes, squid, marine
(b) relate spatial scales of biological patchiness

and seabirds;
dominant scales of physical oceanographic

productivity and zooplankton biomass throughout mesoscale eddies

squid fishing area; (d) take samples on di
region so that it is possible to determine
patches is random or uniform (do this for
variables); and (e) identify and develop
analyzing the data.

3. Define key mesoscale processes affecti
conducting research vessel cruises to the
surveys should include the following: (a)
sampling stations situated approximately 2

;

-net fishery, design and execute
ological and physical patchiness
ts are favorable for this).
) describe spatial scales in the
mammals,

to
tructure; (c) examine primary
in the
fferent spatial scales from a

| whether the distribution of
oth biological and physical
propriate statistical models for

ng the distributions of MRUS, by
Subarctic Frontal Zome. Such
biological and oceanographic

5 km apart along meridional

transect approximately 50-100 km apart (the sampling region should be

selected to include mesoscale eddies);

(b)

casts and calibration (sea-truthing) of CT
(c) biological sampling with drif

bottles;

oceanographic sampling with CTD
D’s with Nansen or Niskin
t gill nets, hydroacoustic gear,

midwater trawls, and plankton nets; (d) analysis of stomach contents of

nekton caught in the various nets; and (e)
track spatiotemporal movements of key MRUS

4. Compare research and commercial vessel
features identified by satellite data (col
" temperature, and flow patterns).

5.
variations in those physical parameters mo
describe mesoscale oceanographic events.

Fishery Monitoring and Ana

Projects Pertaining to This Sector

1.
driftnet effort.

4. Develop a sampling design, sampling pr

for an observer program to collect oceanog

data.

5. Estimate the number of marine mammals,
and other MRUS killed by driftnets.

6. Determine the causes of incidental mor

Carry out experiments to determine the

attachment of instruments to

catch results with mesoscale
or analysis, sea surface

response of key MRUS to
st often used to identify and

si

Develop a model to predict temporal and spatial distribution of squid

otocols, and an operational plan
raphic, biological, and by-catch

seabirds, salmonids, albacore,

talities to marine mammals,

seabirds, salmonids, albacore, and other MRUS.




39

9. Estimate trends in the abundance of by
of relevant biological parameters.

rcatch species and in the values

to

14. Develop models of squid population dynamics.

20. Define the means of implementing the observer program.

22. Locate squid spawning grounds and detfrmine spawning seasons.

27. Develop research program options, including research vessel plans,

estimate total incidental mortalities in the absence of adequate observer

agreements,

43. Develop models to predict by-catch unLer various scenarios of the

squid driftnet fishery.

Activities Required to Initiate and Complete Projects 22 and 27:
See Oceanography Section

Activities Required to Initiate and Complete Projects 6 and 9
See Biology Section

Activities Required to Initiate and Complete Projects 43 and 1:

1. Obtain historical squid fishing effort| data to (a) develop a

statistical model of effort incorporating sea surface temperature,

catch per unit effort (CPUE), latitude, lo
and (b) examine interannual variability in
area, and sea surface temperature.

2.
of driftnet nations and collected by obse

3.
Taiwan, and Japan.

squid
gitude, season, and year effects

‘effort as a function of season,
\

ers.

Determine what fishery information shitld be requested from governments

Establish a cooperative program on fis#ery assessment with Korea,

4. Determine which research vessel data w&uld be useful in predicting by-

catches.

5. Analyze available observer data on by-
of area, season, and oceanographic conditi
associations in by-catch rates.

6.
temperature and latitude in the squid fish

foe:

1
atch rates to estimate effects
Look for between-species

Examine the southern distribution of sglmonids relative to sea surface
ing area.
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7. Evaluate nonfishery information for it% importance in predicting by-
catch levels. For example, the world catch of squid by Japan and squid
import levels in Japan may be important va&iables to monitor, as major
changes in them might affect effort in the North Pacific squid driftnet
fishery and by-catch levels.

8. Develop models based on temperature preferences and entanglement rates
to predict areas of greatest by-catch levels for various MRUS.

9. Upgrade model with data on horizontal and vertical gradients in
temperature that affect availability of MRUS

10. Evaluate Japanese models for preseasop and within-season squid fishery
forecasts.

11. Develop models to predict catch and effort for the next fishing season.

Activities Required to Initiate and Complete Project 1l4:

[Note: The activities listed below assume.h broader project objective,
incorporating not only squid population dyhamlcs but also the population
dynamics of all important MRUS.]

1. Search literature on the species of inmerest to obtain available
information required for modellng populatipn dynamics.

2. 1Identify MRUS requiring population dynbmics modeling.

3. Determine what kinds of fishery data nbed to be collected for MRUS
(including squid) and the best means of collectlng them.

4. Collect basic biological data, such as growth rates, age structure, age
at maturity, sex ratios, and food habits rbquired to develop models for
each MRUS species.

5. Compile and analyze available data on &rends in squid CPUE and size
composition by using Japanese, Korean, and Taiwanese fishery data.
Evaluate interannual variability in squid kecruitment and growth.

6. Determine the most appropriate populatﬁon dynamics models for each MRUS
species. Look at cross- and autocorrelatipns in time series of population
characteristics to determine important dependencies and time lags. Develop
multispecies models and identify functionaﬁ relationships between model
components. Estimate parameters and carry out sensitivity analyses.

7. Develop models to assess interspecific\interactions among impacted
MRUS, both those affected directly by driftnet mortality and those affected
indirectly.

\
8. Develop autoregressive models of squid stock dynamics by using CPUE and
size frequency data.
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9. Develop models describing how stock dynamics respohd to changes in

oceanographic conditions.

10. Obtain information from Japanese scie
"production models." What kinds of models
them?

11. Convene an international conference o
(Japan might be the best venue).

Activities Required to Initiate and Comple

1. Negotiate with nations having driftnet
for acceptance and deployment of observers

2., 1Initiate a coordinated, international
observers from Japan, Korea, and Taiwan.

3. Draft an observer plan to provide data
numbers of MRUS killed by driftnets.

ntists regarding their fishery
do they use? How do they apply

f the biology of flying squid

te P

roject 20:

fleets to establish agreements

observer program including

necessary for estimating the

4. Establish a way to fund the observer pkogram.

5.

6. Develop an observer program package an|

Determine observer program staffing rehuirements and budget.

d strategic plan and present them

to NMFS administrators, including west coast Regional Directors.

7. Decide who will be responsible for imp
observer program.

Activities Required to Initiate and Comple

1. Determine which MRUS killed by driftne

lementing and administering the

te Project 5:

ts are highest priority for

observations on commercial vessels, by time and area.

2. Determine the total squid driftnet eff
effort in each year.

3. Develop methods to estimate the mortal
driftnet entanglement for MRUS that drop o
retrieval, escape from the nets while they
after being taken aboard.

4. Identify the types of observer data re

ort level and the distribution of

ity rates attributable to
ut of the driftnets during
are soaking, or are released

quired to estimate MRUS

incidental mortalities accurately and reliably.

5. Initiate the observer program.
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Activities Required to Initiate and Complete Project 4:

1. Develop a systematic approach to model
(a) determining the level of observer cov
associated costs); (b) determining the le

ing driftnet effort, including
rage and sampling required (and
el of fishing effort and its

distribution by time and area; (c) determ ning the total catch and CPUE

from the effort distribution; (d) relatin
oceanographic conditions, season, and are
seasons and areas associated with the larg
using data from past observer cruises, det
and between vessels.

2. Define and prioritize ocean measuremen
observers and specify appropriate methods

3. Review instrumentation capabilities of]
including CTD and XBT systems.

4. Determine what biological measurements
by-catch specimens and whether or not biol
contents, can be analyzed at sea.

5. Design a sampling strategy specifying
measurements should be made.

6. Develop a streamlined data logging pro
data processing systems.

7. Develop an observer manual, training p
that will enable observers to identify all
sea turtles, and marine mammals likely to
driftnet fishing area.

8.
remote platforms.

9. Instruct observers to take frequent me
temperature, possibly supplemented by XBT
conditions indicating ocean frontal struct
water color).

Biology
Projects Pertaining to This Section:

6. Determine the causes of incidental mor

seabirds, salmonids, albacore, and other M

7. Understand biological and oceanographi
distribution, abundance, and availability
catch rates in the driftnet fishery.

catch, CPUE, and effort to

; (e) determining critical

est impacts on MRUS; and (f)
ermine sampling variances within

ts that should be made by
and instruments.

available observer platforms,

and samples can be taken from
ogical samples, such as stomach

where, when, and how many
cedure compatible with computer

rocedures, and training materials
fishes, cephalopods, seabirds,
be seen or entangled in the

Use observer data to ground-truth oceanographic measurements made from

asurements of sea surface
drops, and to note events or
ure (e.g., debris, change in

talities to marine mammals,
RUS.

c processes affecting the
of MRUS and their associated
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9. Estimate trends in the abundance of by*catch species and in the values
of relevant biological parameters.

12. 1Identify nonfishing factors that inflvence total abundance and
availability of MRUS.

14. Develop models of squid population dyﬁamics.

18. Identify age, sex, reproductive condiﬁion, diet, and stock structure
of marine mammals, seabirds, salmonids, al#acore, and other MRUS caught in
the squid driftnet fishery. |

19. Describe trophic interrelationships. |

24. Estimate the "natural variability" of‘productivity, recruitment, and
age structure of species affected by the driftnet fishery.

37. 1Identify and define habitats and disttibutions of MRUS affected by
drift gill-net fisheries.

|
Activities Required to Initiate and Complete Project 14:
|
See Fishery Monitoring and Analysis S%ction
, |
Activities Required to Initiate and Comple£e Project 37 and 7:

See Oceanography Section T

Activities Required to Initiate mple#e Project 6:
1. Determine patterns of behavior of MRU$ that affect their catch rates

in driftnets (e.g., vulnerability or catchability). Specifically: (a)
study the behavior and positioning of seabirds and marine mammals around
driftnet vessels and their gear during net|retrievals to determine which
are "active participants” and which are "observers;" (b) estimate seabird
and marine mammal attraction rates during driftnet deployment and retrieval
and determine which species are attracted most strongly; (c) deploy
instruments (e.g., satellite tracking beacons, mini-CTD probes, or time-
depth recorders) on marine mammals in the squid fishing area to determine
their movements within the area, and possi ly their dive patterns, for
comparison with distributions of fishing effort and entanglement rates; (d)
study acoustic and visual capabilities of cetacean species subject to
driftnet entanglement and develop models of net detection mechanisms; (e)

determine the vertical and horizontal distributions of MRUS throughout the
driftnet fishing season.

2. Evaluate information on food habits'ofiMRUS.
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3. Determine the degree to which driftnet}catches attract predators, i.e.,
are the entanglement rates of sharks, marine mammals, or othér larger MRUS
greater in nets that have caught more squid and smaller fish?

4. Conduct 24-hour scuba observations on %oaking driftnets to examine
hypotheses on the so-called "net community." Specifically, map the
microscale physical environment around the| net (e.g., water movement) that
may influence the development and persistence of a net-associated
biological community and determine the comEosition, distribution, and
aggregation of "baitfish" and microorganisms. Consider the effects of
single driftnets versus those set in "net arrays."

5. Determine what types of information (e.g., behavioral observations,
oceanographic data, and catch data) should be collected by driftnet fishery
observers to improve the understanding of entanglement causes.

6. Review and develop models of squid gill net selectivity for various MRUS.

7. Determine the effects of age and sex ob the catchability of by-catch
species, 1

8. Determine the diel vertical migration batterns of fish and squid caught
in the driftnets.

9. Determine the vertical and horizontal %ositipn of entanglement in the
driftnets, for various MRUS.

10. Summarize present information on the Peographical distribution of MRUS
in relation to driftnet fishing effort and identify data gaps in this area.

11. Experiment with subsurface gill nets,%i.e., with deployment of surface
driftnets several meters deeper than usual}

Activities Required to Initiate and gomplgte Projects and 12:

1. Determine what nations and agencies ha&e current programs to estimate
and monitor the abundance of MRUS.

|
2. Determine habitat requirements and bio ogical limitations of MRUS and
relate these to actual conditions in the driftnet fishing area on a
seasonal basis. |

3. Develop scientifically appropriate metiods of monitoring long-term
population trends of key MRUS by-catch species and establish monitoring
programs. |
4. Determine seasonal and geographical ch%nges in the distribution and
abundance of MRUS. f

5. Determine the distribution and abundan&e of MRUS in relation to
physical and biological conditions over tiﬁe and area.
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6. Determine the distributions of importait MRUS prey resources and
variations in the availability of prey by time and area.

7. On a smaller temporal scale, determineithe distributions of MRUS prey
species over the soak time of the driftnets.

‘8. Get catch data from driftnet fishing n@tions as part of agreements on
scientific cooperation and exchange. |

9. Compute by-catch rates by area, season, and sea surface temperature and
determine whether the rates are declining due to driftnet effort or other
factors.

10. Evaluate interannual variation in CPdE and by-catch. Examine long-term
trends. Note that oceanographic conditionss may make a species move into or
out of the fishery area in a given year, thereby affecting catch rates.

11. Conduct sighting surveys or censusestover the driftnet fishing grounds
and/or the range of key marine mammal and Seabird species to estimate

levels of abundance and trends over time.{
12. Collect biological samples annually from incidentally taken marine
mammals and other MRUS and analyze changes in parameters such as age at

first reproduction, body length, age structure, and reproduction rate.

13. Determine the natural mortality rates of key MRUS species.

14, Establish long-term programs to monitor populations at breeding
colonies of marine mammals, seabirds (especially Laysan albatross), and sea
turtles. |

15. Analyze trends in the abundance of important MRUS. Some specific
research activities that would be needed are: (a) correlate northern fur
seal abundance trends with gill net/pollgjk and other fisheries; (b)
examine catch rate and size composition data for blue sharks taken in the
driftnets (this may one of the first MRUS to show a decline in abundance
due to its low reproductive potential and frequency of occurrence in
driftnet catches); (c) develop an index of stock size for albacore; (d)
examine size-at-age trends for pomfret using Japanese data; (e) evaluate
growth increments on statoliths of squid to estimate growth rates and stock
differences; (f) determine species and stock composition of salmonids
important to fishery.

Activities Required to Initiate and Complete Project 18:

|
1. Collect biological samples from MRUS cbught by research vessels and
commercial vessels, including teeth (from Feals and other marine mammals),
stomachs, reproductive organs, hard parts (scales for salmonids; otoliths,
vertebrae, or spines for tunas and billfishes; statoliths for cephalopods),
and blood; identify sex, reproductive condition, and body length; collect
skulls of marine mammals to determine whether immature/subadult or adult.
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2. Define criteria for determining structure and identity.of MRUS
populations (or stocks), and determine mixing rates between populations.

3. Assess the usefulness of various stock| identification (ID) techniques
(e.g., scar characteristics, morphometricsp genetic variation using
electrophoretic DNA analysis, or differences in parasite assemblages.

4. Apply stock ID techniques to identify stock composition of MRUS taken
in the driftnet catch from subsamples of the catch.

5. Determine statistical criteria and appkopriate sampling rates to
accomplish the stock structure assessments. .

6. Determine the spatial boundaries for each population, and describe
associated physical oceanographic and biolbgical characteristics of the
habitat.

Activities Required to Initiate and Complete Project 19:

1. Review literature to see what is known about food habits and potential
distributional overlap of MRUS.

2. Collect stomach samples from target anﬁ by-catch species by season,
area, and time of day or night, and analyze them to estimate species
composition of prey and time and depth of prey ingestion.

3. Determine the depth distribution of important prey resources,
particularly during night.

4. Estimate seasonal changes in the abundance of prey items by area and
establish causes for seasonal shifts of prky distribution.

5. Measure the impacts on MRUS of marine debris that is ingested and
determine the characteristics of plastic débris that is ingested.

6. Study the selectivity process in seabird and marine mammal foraging
using trawls or remotely operated vehiclesL Consider deploying video
systems to determine which prey species are present but not consumed by
foraging seabirds and marine mammals.

7. Determine prey density and composition‘in areas where seabirds and
marine mammals are pot foraging, as well as where they are.

8. Synthesize data into a conceptual "model" that shows trophic levels and
interrelationships.

Activities Required to Initiate and Complete Project 24:

1. On an annual basis, estimate the produﬁtivity of each MRUS species
affected by driftnets or assemble information from other ongoing projects
that are doing so.
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2. Estimate the fecundity of key MRUS by uising information already
available and develop plans to collect'rep#oductive tracts as necessary to
improve estimates.

3. Verjfy ageing techniques and collect samples of teeth, scales,
otoliths, squid beaks, and other hard partpg, as well as length-frequency
measurements, from key MRUS taken by commercial and research vessels.

4., TFor key seabird species, establish colbny surveys to monitor population
productivity and estimate annual reproductive success.

5. Establish long-term population monitoring to provide basis for
measuring variations in recruitment.

6. Measure mortality rates at different life history stages for pertinent
stocks of each MRUS species.




List of Figures .

Figure 1 - Preliminary (incomplete) progr#m structure
Figure 2 - Program structure as revised b& SQUADCOM

Figure 3 - A simplified program overview




49

|
L4

13.
Describe variations
in XPTZ oceanography

18.
Determine biological
cheracteristics of MRus

caught in driftnets

37.
ldentify habitats and
distributions of mrus
sffected by driftnets

|

1

1

|

4 ]
22. a3, 19. 2%.
Determine squid Understand causes of Mologlcll. Determine trophic Estimate natursl variability
spawning grounds patchiness and build statistical relationships in productivity, recruitment
and seasons models to describe ft and age structure of MRUS
v 4 r: - ~ L 4
S. 1. 2.

Estimate the nurbers
of MRUS kilted by the
squid driftrets

Develop model to predict
spatiat/temporal distri-
bution of driftnet effort

Establish an admin-
strative structire
for the program

12.
Identify non-fishing factors
that affect total sbundance
and avaitability of MRUS

16.

Understand effects of meso-scale physfcal &
biological processes on distribution of key

LT

15,

body

Establish a coordinating

Develop models

HRUS taken in squid driftnet fishery

independent research projects,
programs, and initiatives

to integrate fishery.

43.
to predict driftnet by-catch

. |

Define the means of implementing
the observer program

20.

[

Develop research program options,
i S resesrch vessel plans,
to estimate MRUS by-catch levels
in the absence of adequate ocbsarver

27. 9.

Determine trends
in abundance of
by-cateh species

vital psrameters

egreements
Oevelop sampling design & operstionsl
plan for cbserver program, including
sampling protocols for oceanography,
biolegy, and by-catch estimation
v | ] |

7.
Understand biologicst and ocesnographic
processes affecting the distribution,
abundance, and availability of MRUS and
their catch rates in the driftnet tishery

6.
Develop and implement a study to determing
the specific causes of mortatity for mRus
kitted in the driftnet tishery

",
Develop models of squid population dy

R rMmivra

EXPERIENCE OR
INFORMATION

NEEDED YO
CARRY OUT

and estimate their




38,
Complite Mstoriesl biological
ared scesrmyraghic survey date
g 208 te date hese

4.
Estoblish ctesringhmme for
Sceanographit dete 3o they are
readily availadie te usery

LN
Develep instrunentation
te facilitare stusins of
bistogrest o physiest
ceneyraohic precessen

2.

of asjor prey of MUS species

dletritation patterne

L]

ying

)
Bescribe veriations
in 912 scesrmpr agny

3.
Check vetidity of
Mumotine wder

{
L
3.

",
Daternine bietegical
Characteristies of meys
SR 10 drifenets

wodeis

— H

* sestan of the yeor

Fdentify hovitats and @istritutione
of MU sttected by driftnets

2.

Evaluste scean montrecing
sapabilition ond entadiish
o recomurd ivprevements

Understond verticst sepregstion of
Squid ot ethor species in tian
o tine, orve, and ocean cormitions

",
Dotermine overisp In distributian
of fiying sauid ond sataonics »w

'J
-

— ]
L L] 1]
Develop wrderstanding of the
merket facters ang eperationg . . ", .
tThat drive the squid tishery Deteraine squid eames of bi trepnie Cotisate netwrat vartansisty
pewning grends d buite n preaxtivity, recruiteent
I ond seesere models te descrive it b s9e sTRacture of maus
.
.
». Seterwine biological ot
. Cot rutiabie § - ! physicel caumes ot intere
distridution of drittres oftory L— : el varisbitity In
l‘q sourdance of sesbires
. i Sther spen preasters
.__l , |
* | : v *
s. 1. 2 2, heid
fotinate the moteery Oevetop sudel to progice Totablish on acnin- Tdentity ng factors Cotloct -
of BRUS Killed by the Spatial/vesperal diserie Istrative structure thet atfect totel stnndance ot of sarire deveis
wuid driftnets butien of driftnet eftere tor the program o availanitity of mavs and 1ee fopect en navs

Deternine how fishing methocs
atfect the by-careh of Mavy

2.
Estimate drep-our, o3capoment,

o discord rates gt essociated

rpacts on #euUs specins

3.
E3tabiish snatyticet ang
dete Supmore

Corretete tishing eftery
WIth scemoerephie dots

tor by-cateh estamation

%,
Oevelep mechanistie
eaplanation ot drifenet
tishery eynanics

49,
Review natieral/internationst
tovs, paticies, and sgremments
ressrdiog hish sees fisheries

S —

",
Understand eftects of sese-scole physicsi §

.3
Caltoct physical sceancyrachic dots
ing resesrch vessels, satellites,
S setesrsiogy directed ot the
Subarctie Frontal Tene

v

o,
Cvaluate socie-sconmeit irpacts
of forsinn erittret fisheries
= tha ¥.3,

= distribution of key
MRS taken in squid oriftnes fishery

R - N
Seternine sessmnel andt regienal impertance
of Subaretic Jrontol 2ene te open pradarers

43,
Oevelew vodets to predict deiftnat dy-catch

I

.
Estadlish o coardinating
Doty to inteyrate fisherys
Srcleperdent Feseareh prajects,
prograns, snd inttistives

38,
Explore means of gotting
baseline dats en soule
ard by-coten speceis

‘J

1]

s0.
Develep techrnispies to roduce
Topaces of sbardoned, feet, o :
| $acarded grar on mavs

3.
Otvelep criveria for

betine the mewrs of Trplamnting
the stuerver progran

ot ispacts en \rportant maus

——p| s

Bevelop rasearch prosran optiom,
Ineluding Pesearen vesset ptans,
0 sstinate MAVS by-esrch Lovels
n the stsarme of sdequate soserver

Wrossten species
& ostimate their

3. .
Develes oy of manitoring snd
interproting teends in steck size
and pize-campasition of fiying

Spreemants vitsl peramaters squid 2 r-coteh thecres
Oevelon sevpling desipn 2
PLon for eberver prosrom, Inctining I
$0ting prevecels for
bistogy, and by~coten *stiverien

L A
.
Wderstong and

srdance, and avsilabitity of maug

Beterning ard searwrs prosisate foq
plece sarine anwals ot risk

Petsraing hev flying saui¢ algroniy

+ ol

3.

..

and Whelr cotch £ates In the welfenes tishery

torD, 8.0.o BOveInt ord give potierne, that

e ore directed et foeilivared

sttecting the ¢i SIribntion,

ont o1her MUL 3pecees

Prontel Tww te tiying seuid

' ]

- & - -
" Sevelon and toplesent & Sty e deterning the speeitic coumes of nertativy for R
KIS specien Lilled In the squid #liftret Tishery EXPERTENCE OR NEEOED 10
INFORMAT 10N CARRY OUP
sa.

",
Pevelon sudels of savie pemvietion dynamics

Kemnere scotes of dislegreal
W pAPRIESl ot oermpraghig
WYEMS A Berih Patitig

3,

Oevelep su

o mUs gpecres

3ot

Figure 2

“,

Seary tar sorching

tstionn 10 squrd
RIS 10 Prette entangl ey

$aptere the wae of shrermative

I~ seurd




51

€ aanbta

l

L
‘S NY'H sayoedugy 4—| woe3zsfsooy Z1dN spuaigl BTI93T1)D
NO SIANIJING [|[#—3°uaztaqg 1°pon|% Jo sotuweudq 4—- -dog o1wouosy
J0 SIOVAWI ﬁ SNIN -o1o0§
SSESSV Jo03TUOW ysriqeasd
. : : juamatSuejuy £801009 A
aonpay *sf{soo9 ‘ooad
03 spoyalap o18e1od|4 oTeos|4{ ueeosp
. SYUNSVAH _ _ — 1elau9an -0say I03TIUON Y _Apog
NOIIVOILIN — . A ‘paoo)
aNv 4 - L l _ f yoxeasay
SNOILdO . ssao0xgd .
INAWIOVNVR || ———— anodoxq|4— L] skonxng |4
JIVAIVAT Jo (ando) | - 19ssap
s9IpnNas Latsueq|d—— yoaeossay aseg ®a®(Q
e ] SNAKW “doog _ A
_ : | ; |
yojeo-£g ‘unqy ® ‘urwpy
"SR pue yozep |4 ‘astq |4 230 .l_ HoOavnds
LNVLYOdHI 40 39ulFTIda pInbg 39914
X1ITVIYOW 44— Suraorpeag A
TVINIQIONI pue _
130439 ANV Sutrao3ztuoy |€—-——r sTopoy|4 AI;
dIVHILSY X073 230334 wex8oag sjusweaxfy
ST3PON *sq0 |4—— Tea03®TIg




